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FROTH FLOTATION PROCESSES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of priority from U.S. Pro-
visional Application No. 61/548,417 filed Oct. 18, 2011 the
content of which is incorporated herein by reference in its
entirety. This application is also related in subject matter to
U.S. application Ser. No. 13/653,669 filed Oct. 17,2012; and
to U.S. application Ser. No. 13/653,713 filed Oct. 17, 2012.

BACKGROUND OF THE INVENTION

1. Field

The disclosed subject matter relates generally to composi-
tions and processes used in the recovery of value minerals
from mineral ore bodies. More particularly, the disclosed
subject matter relates to froth flotation processes that utilize
an organic ammonium salt of a sulfur-containing acid as a
value mineral collector.

2. State of the Art

Froth flotation is a widely used process for beneficiating
ores containing valuable minerals, often referred to as “value
minerals”. Value mineral(s) refer to the metal, metals, mineral
orminerals that are the primary object of the flotation process,
i.e., the metals and minerals from which it is desirable to
remove impurities.

A typical froth flotation process involves intermixing an
aqueous slurry that contains finely ground ore particles with a
frothing or foaming agent to produce a froth. Ore particles
that contain the value mineral(s) are preferentially attracted to
the froth because of an affinity between the froth and the
exposed mineral on the surfaces of the ore particles. The
resulting beneficiated minerals are then collected by separat-
ing them from the froth. Chemical reagents, referred to as
“collectors,” are commonly added to the froth flotation pro-
cess to effect the separation. Certain theory and practice indi-
cates that success of a flotation process for base metal sulfide
and precious metal ores is dependent on the collectors which
impart selective hydrophobicity to the value mineral sepa-
rated from other minerals. See, e.g., U.S. Pat. No. 4,584,097,
the entirety of which is incorporated by reference herein.

Other reagents, such as “frothers”, may be added to the
process to provide a suitable basic froth phase to capture
hydrophobic value minerals and facilitate separation and
recovery thereof. Certain other reagents, referred to as “modi-
fiers”, may be used to enhance separation and recovery of the
desired minerals and/or metals. Modifiers, which can include
pH regulators, may be used to modify and control the pH of
the ore pulp in order to enhance separation and recovery of the
desired minerals and/or metals. In some instances, com-
pounds referred to as “activators,” such as copper sulfate, may
be used to activate a certain value sulfide mineral in order to
enhance collector coating on this sulfide mineral.

Froth flotation is especially useful for separating finely
ground value minerals from the associate gangue or for sepa-
rating value minerals from one another. Because of the large
scale on which mining operations are typically conducted,
and the large difference in value between the desired minerals
and the associated gangue, even relatively small increases in
separation efficiency provide substantial gains in productiv-
ity. Additionally, the large quantities of chemicals used in
mining and mineral processing pose a significant challenge in
terms of health and safety to humans and the environment.
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Consequently, the industry is continually searching for effec-
tive alternatives that increase safety while lessening the
impact on the environment.

Currently, a large variety of organic sulfur-containing com-
pounds, such as xanthates, dithiophosphates, dithiocarbam-
ates, etc, are utilized as collectors in the flotation recovery of
value minerals from sulfide and precious metal ores. Existing
thought about such compounds is that either the free acid or
any salt of the acid can be used in flotation, and that all the
salts and free acid are equivalent, and obtain substantially the
same result. Moreover, most of the collectors based on
organic sulfur-containing salts are aqueous and are the
sodium or potassium salts of sulfur-containing acid. Thus,
when names of collectors are mentioned, such as a xanthate or
dithiophosphate, it is in reference to a sodium or potassium
salt.

A commonly used collector, xanthic acid, is an ionic com-
pound that is produced and transported as solid sodium or
potassium salts of xanthic acid and is used as aqueous solu-
tions at the mine site. While they have shown value in mining
processes, xanthates oxidize and hydrolyze in the presence of
water thereby releasing hazardous byproducts, and causing
reduction in metallurgical performance, such as reduction in
value mineral recovery and/or grade. Solid xanthate can pose
a fire hazard. Other common water-soluble ionic collectors
pose similar hazards to a varying degree and display reduced
metallurgical performance. An additional hazard is when
such aqueous collectors are mixed with other collectors, some
toxic gases may be generated, or precipitates can be formed,
which reduce the activity of the available collector or form
some other undesirable reaction products, all of which also
cause reduced metallurgical performance.

Many current collector and formulations thereof do con-
tain water, which reduces the available active collector and
contributes significantly to transportation costs. Given the
recent increase in fuel costs, cost-effective transportation and
energy savings are important in developing alternatives to
current collectors.

Inview of the foregoing, there is a need in the art to develop
a stable collector formulation that offers improved metallur-
gical performance, cost savings, as well as reductions in
hazards to humans and the environment. The inventors of the
instant invention believe the subject matter disclosed and
claimed herein is an answer to those needs.

SUMMARY OF THE INVENTION

The value mineral collectors composed of organic amine
salts of organic sulfur-containing acids as described herein
are practical, economically attractive and environmentally
friendly alternatives compared to aqueous ionic collectors
such as alkali metal salts of organic sulfur-containing acids.
Consequently, the collector compositions of the present
invention offer many advantages including easier handling,
as well as reduced costs to ship the compositions to remote
metallurgical plants. As shown in more detail below, the
collector compositions of the present invention surprisingly
exhibit improved recovery of value minerals.

Accordingly, in one aspect the present invention is directed
to froth flotation processes for recovering value minerals
from mineral ore bodies by: adding a beneficiating amount of
a collector to at least one stage of a froth flotation process,
wherein the collector is an organic primary or secondary
ammonium salt of a sulfur-containing acid selected from the
group consisting of hydrocarbyl dithiophosphoric acids,
hydrocarbyl monothiophosphoric acids, mercaptobenzothia-
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zoles, hydrocarbyl xanthic acids, hydrocarbyl dithiocarbamic
acids, hydrocarbyl thioglycolic acids and hydrocarbyl trithio-
carbonic acids.

In a further aspect, the present invention is directed to froth
flotation processes for recovering at least one value mineral
from a mineral ore body, the steps including: grinding an ore
containing at least one value mineral to form ground ore;
forming a slurry comprising the ground ore; intermixing an
effective amount of at least one value mineral collector as
described herein with at least one of the ground ore, the slurry,
and combinations thereof, generating a froth with the slurry;
and recovering the at least one value mineral from the froth.

These and other objects, features and advantages of this
invention will become apparent from the following detailed
description of certain embodiments of the invention taken in
conjunction with the accompanying Examples.

DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS OF THE INVENTION

The disclosed subject matter generally relates to processes
and collectors, used in the recovery of value minerals from an
ore. In general, ores contain, inter alia, both “value” and
“non-value” minerals. In this context, “value” mineral(s)
refer to the metal, metals, mineral or minerals that are the
primary object of the flotation process, i.e., the metals and
minerals from which it is desirable to remove impurities.
Examples of metals of interest include, but are not limited to,
gold, silver, copper, cobalt, nickel, lead, zinc, molybdenum,
and platinum group metals, such as platinum and palladium,
as well as combinations thereof. The term “non-value” min-
eral refers to the metal, metals, mineral or minerals for which
removal from the value mineral is desired, i.e., impurities in
the value mineral. A non-value mineral is not necessarily
discarded, and may be considered a value mineral in a sub-
sequent process.

While any ore may be subjected to the processes and the
collectors described herein, the disclosed subject matter typi-
cally pertains to base metal sulfide ores and precious metal
ores. Examples of such ores include, but are not limited to,
Cu—Mo ores, Cu—Au ores, primary Au ores, platinum
group metal (PGM) ores, Cu ores, Ni ores, and complex
polymetallic ores containing Pb, Zn, Cu and Ag.

In one embodiment, the collector includes an organic
ammonium salt compound according to Formula I:

Formula I
Rll
/_-R®
AN~ W\\ -

H

where:

AN— is an anion from an organic sulfur-containing acid
selected from the group consisting of hydrocarbyl dithio-
phosphoric acids, hydrocarbyl monothiophosphoric acids,
mercaptobenzothiazoles, hydrocarbyl xanthic acids, hydro-
carbyl dithiocarbamic acids, hydrocarbyl thioglycolic acids
and hydrocarbyl trithiocarbonic acids; R“ is a hydrocarbyl
group comprising from 1 to 16 carbon atoms, optionally
substituted with a —OH group and/or with one or more
—(YR"),—YR" groups, whereinn=0to0 3,Y is O, NR" or S,
R' is an alkylene or arylene group containing from 1 to 12
carbon atoms, R" and R"" are, each independently, hydrogen
or a hydrocarbyl group containing from 1 to 12 carbon atoms;
and R” is hydrogen or a hydrocarbyl group comprising from
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1 to 16 carbon atoms, optionally substituted with a —OH
group and/or with one or more —(YR'"),—YR" groups,
wherein n=0 to 3, Y is O, NR™ or S, R' is an alkylene or
arylene group containing from 1 to 12 carbon atoms, R" and
R™ are, each independently, hydrogen or a hydrocarbyl group
containing from 1 to 12 carbon atoms; and wherein R“ and R”
may be linked to form a cyclic compound.

The organic sulfur-containing collector is derived from
sulfur-containing organic acids that contain at least one ion-
izable —SH or —OH group attached to a carbon atom or a
phosphorus atom. The ammonium salt is a primary or sec-
ondary organic ammonium salt.

In one preferred embodiment, the collector is substantially
free of water and substantially fee of inorganic salts. The
phrase “substantially free of water” encompasses composi-
tions that include less than 10% water by weight. For
instance, compositions that would be considered to be sub-
stantially free of water can include less than 10% water by
weight, e.g., 7% wt.; 5% wt.; 4% wt.; 3.5% wt, 3.0% wt.,
2.75% wt., 2.5% wt., 2.0% wt., 1.5% wt., 1.0% wt., 0.5% wt.,
0.1% wt., 100 ppm, and the like.

The phrase “substantially free of inorganic salts” as used
herein encompasses collector compositions that include less
than 5% inorganic salt by weight. For instance, collector
compositions that would be considered to be substantially
free of inorganic salt can include less than 5% inorganic salt
by weight, e.g., 4% wt.; 3.5% wt, 3.0% wt., 2.75% wt., 2.5%
wt., 2.0% wt., 1.5% wt., 1.0% wt., 0.5% wt., 0.1% wt., 100
ppm, and the like.

As used herein, the terms “hydrocarbyl group”, “hydrocar-
bon group”, “hydrocarbyl” and “hydrocarbon”, encompass
compounds containing hydrogen and carbon atoms, option-
ally substituted with one or more groups such as—OH groups
and/or with one or more —(YR"),—YR" groups, wherein
n=0t03,Y is O, NR"™ or S, R'is an alkylene or arylene group
containing from 1 to 12 carbon atoms, R" and R" are, each
independently, H or a hydrocarbyl group containing from 1 to
12 carbon atoms. As used herein, the pluralized version of
acid, i.e., acids, indicates that the compounds can be substi-
tuted or unsubstituted. The term “substituted” as used herein
encompasses the replacement of one element, such as hydro-
gen, by another atom or a group containing one or more atoms
or a heteroatom or a group containing one or more heteroat-
oms.

In some embodiments of the organic ammonium cation of
the collector according to Formula I, the R group is a hydro-
carbyl group containing 1-16 carbon atoms, optionally sub-
stituted by an —OH group. However, it is contemplated that
the R? group may also be a hydrocarbyl group containing
1-10 carbon atoms or a hydrocarbyl group containing 1-6
carbon atoms, optionally substituted by an—OH group. R“ is
preferably an alkyl group or an aryl group, and more prefer-
ably an alkyl group. R* is more preferably an alkyl group
containing 1 to 6, most preferably 1 to 4 carbon atoms.

The R” group of the organic ammonium cation may be
hydrogen or a hydrocarbyl group containing 1-16 carbon
atoms, optionally substituted with one or more groups such as
—OH groups and/or with one or more —(YR'"),—YR"
groups, wherein n=0t0 3,Y is O, NR"™ or S, R' is an alkylene
or arylene group containing from 1 to 12 carbon atoms, R"
and R™ are, each independently, H or a hydrocarbyl group
containing from 1 to 12 carbon atoms.

In certain embodiments, R is hydrogen.

In another embodiment, R® is a hydrocarbyl group contain-
ing 1-10 carbon atoms, more preferably containing 1-6 car-
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bon atoms. R? is preferably an alkyl group containing 1 to 10,
more preferably 1 to 6 and most preferably 1 to 4, carbon
atoms.

The organic ammonium cation (N*H,R“R”) of Formula I
may be selected from dihydrocarbyl amines and monohydro-
carbyl amines, and mixtures thereof. The organic ammonium
cation (N*H,R“R?) of Formula I preferably has a molecular
weight that does not exceed 200, more preferably not exceed-
ing 150, and most preferably not exceeding 130. The organic
ammonium cation (N*H,R“R?) of Formula I preferably has a
molecular weight of at least 32.

Specific examples of ammonium salts include, but are not
limited to, methylammonium, ethylammonium, propylam-
monium, butylammonium, ethanolammonium, diethanolam-
monium, propanolammonium, dipropanolammonium, dim-
ethylammonium, diethylammonium, dipropylammonium,
dibutylammonium, ethylenediammonium, 1,3-diammonium
propane, hexamethylene diammonium, diethylenetriammo-
nium, diphenylammonium salts, and mixtures thereof.

In certain embodiments, the organic sulfur-containing acid
of the collector is selected from hydrocarbyl dithiophospho-
ric acids, hydrocarbyl monothiophosphoric acids, hydrocar-
byl xanthic acids, hydrocarbyl thioglycolic acids and hydro-
carbyl trithiocarbonic acids.

Hydrocarbyl dithiophosphoric acids are generally accord-
ing to the general formula

R—O_ 8
P

RZ—O/

7\

SH

wherein R1 and R2 are hydrocarbyl groups with the proviso
that R1 and R2 may be linked to form a cyclic compound. R1
and R2 are preferably and are each independently C2-C12
hydrocarbyl groups. Preferably, R1 and R2 are independently
C2-C8 hydrocarbyl groups, more preferably C2-C4 hydro-
carbyl groups. Examples of specific dihydrocarbyl dithio-
phosphoric acids include diisobutyl dithiophosphoric acid,
diethyl dithiophosphoric acid, diisoamyl dithiophosphoric
acid, diisopropyl dithiophosphoric acid, dicresyl dithiophos-
phoric acid, di-sec-butyl dithiophosphoric acid, di-2-ethyl-
hexyl dithiophosphoric acid, ethyl sec-butyl dithiophospho-
ric acid, and ethylamyldithiophosphoric acid.

Hydrocarbyl monothiophosphoric acids are generally
according to the general formula

wherein R1 and R2 are each independently a C2-C12 hydro-
carbyl group, with the proviso that R1 and R2 may be linked
to form a cyclic compound. Preferably, R1 and R2 are each
independently a C2-C8 hydrocarbyl group, more preferably
C2-C4 hydrocarbyl groups. Examples of specific hydrocar-
byl monothiophosphoric acids include diisobutyl monothio-
phosphoric acid, diethylmonothiophosphoric acid, diisoamyl
monothiophosphoric acid, diisopropyl monothiophosphoric
acid, dicresyl monothiophosphoric acid, di-sec-butyl mono-
thiophosphoric acid, di-2-ethylhexyl monothiophosphoric
acid and ethyl sec-butyl monothiophosphoric acid.
Hydrocarbyl dithiocarbamic acids are usually selected
from the group of dihydrocarbyl dithiocarbamic acids and
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monohydrocarbyl dithiocarbamic acids and are generally
according to the general formula:

R S
vl
N—C—=SH
/
R;

wherein R1 is H or a C1-C12 hydrocarbyl group and R2,
independently, is a C1-C12 hydrocarbyl group, with the pro-
visothatR1 and R2 may be linked to form a cyclic compound.
Preferably, R1 and R2 are independently H or a C2-C8 hydro-
carbyl group. More preferably, R1 and R2 are independently
H or a C2-C4 hydrocarbyl group. Examples include diisobu-
tyl dithiocarbamic acid, di-n-butyl dithiocarbamic acid,
diethyl dithiocarbamic acid, diisopropyl dithiocarbamic acid,
dibenzyl dithiocarbamic acid, diphenyl dithiocarbamic acid,
dioctyl dithiocarbamic acid, monobutyl dithiocarbamic acid,
monoethyl dithiocarbamic acid, butyl phenyl dithiocarbamic
acid, ethyl butyl dithiocarbamic acid and the like.

Hydrocarbyl xanthic acids are generally according to the
general formula:

S
V4

R—O0—C
SH

wherein R1 is a C2-C12 hydrocarbyl group. Preferably, R1 is
a C2 to C5 hydrocarbyl group. Examples of specific hydro-
carbyl xanthic acids include ethyl xanthic acid, n-butyl
xanthic acid, isobutyl xanthic acid, n-propyl xanthic acid,
isopropyl xanthic acid, sec butyl xanthic acid, n-amyl xanthic
acid, isoamyl xanthic acid, 2 ethyl-hexyl xanthic acid, phenyl
xanthic acid, benzyl xanthic acid.

Hydrocarbyl trithiocarbonic acids are generally according
to the general formula

S

R—S—C—SH

wherein R1 is a C2-C12 hydrocarbyl group. Preferably, R1 is
a C4-C12 hydrocarbyl group. Examples of specific hydrocar-
byl trithiocarbonic acids include butyl trithiocarbonic acid
and dodecy! trithiocarbonic acid.

Hydrocarbyl thioglycolic acids are generally according to
the general formula

e}

R;—O0—C—CH,—SH

wherein R1 is a C2-C12 hydrocarbyl group. Preferably, R1 is
C4 to C8 hydrocarbyl group. Examples of specific hydrocar-
byl thioglycolic acids include butyl thioglycolic acid, octyl
thioglycolic acid, and dodecyl thioglycolic acid.
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Mercaptobenzothiazoles are generally according to the
general formula

Ry

wherein R1 is H or a—O—(C1-C12 hydrocarbyl) group or a
C1-C12 hydrocarbyl group. Preferably, R1 is a H or a C1 to
C6 hydrocarbyl group. Examples of specific mercaptoben-
zothiazoles include 6-hexyl 2-mercaptobenzothiazole and
6-ethoxy 2-mercaptobenzothiazole. Preferred mercaptoben-
zothiazoles are selected from 2-mercaptobenzothiazole and
6-hydrocarbyl-2-mercaptobenzothiazoles.

In a preferred embodiment, the organic sulfur-containing
collector is selected from the group consisting of primary and
secondary ammonium salts of hydrocarbyl dithiophosphoric
acids, hydrocarbyl monothiophosphoric acids and hydrocar-
byl xanthic acids. Particularly preferred are the primary and
secondary ammonium salts of hydrocarbyl dithiophosphoric
acids.

Examples of the collectors composed of an organic ammo-
nium salt of an organic sulfur-containing acid, include, but are
not limited to, dimethylammonium salt of diisobutyl dithio-
phosphoric acid, ethylammonium salt of diisobutyl dithio-
phosphoric acid, diethylammonium salt of diisobutyl dithio-
phosphoric acid, diethanolammonium salt of diisobutyl
dithiophosphoric acid, diethylammonium salt of isobutyl
xanthic acid, methylammonium salt of monothiophosphoric
acid, dimethylammonium salt of diisobutyl monothiophos-
phoric acid, methylammonium salt of ethyl xanthic acid,
methylammonium salt of isoamyl xanthic acid, ethylammo-
nium salt of butyl trithiocarbonic acid, dimethylammonium
salt of butyl trithiocarbonic acid, methylammonium salt of
butyl thioglycolic acid, dimethylammonium salt of isopropyl
xanthic acid, dimethylammonium salt of mercaptobenzothia-
zole, ethylammonium salt of mercaptobenzothiazole, hexam-
ethylene diammonium salt of mercaptobenzothiazole, dietha-
nolammonium salt of mercaptobenzothiazole,
dimethylammonium salt of diethyl dithiocarbamic acid,
diethylammonium salt of diethyl dithiocarbamic acid, ethy-
lammonium salt of diethyl dithiocarbamic acid, hexamethyl-
ene diammonium salt of N-propyl N-ethyl dithiocarbamic
acid, and diethanolammonium salt of N-allyl, N-ethyl dithio-
carbamic acid.

The compounds of organic ammonium salt of an organic
sulfur-containing acid as described herein prove useful as
value mineral collectors and may be used in methods for
recovering at least one value mineral from an ore. In general,
the organic ammonium salts of the organic sulfur-containing
acids are utilized as collectors in froth flotation processes by
adding a beneficiating amount of the collector (i.e., anamount
of collector sufficient to effectively separate the value miner-
als from the non-value minerals) to one or more stages of the
froth flotation process.

The collector compositions described herein may be added
to the froth flotation processes as the organic ammonium salt
of an organic sulfur-containing acid or they may be part of a
composition additionally including one or more compound
useful for froth flotation. In general, the collectors according
to the present invention as described herein are present in the
collector composition in amounts and ratios that are economi-
cally feasible as well as effective to the recovery of the value
minerals. The amount of collector as described herein present
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in the collector composition can vary from about 1 wt. % to
about 99 wt. % based on the total weight of the collector
composition. In one embodiment, the amount of collectors as
described herein present in the collector composition is
between about 30 wt. % and about 70 wt. % based on the total
weight of the collector composition.

Besides the collectors described herein, in some embodi-
ments, the collector compositions may optionally include one
or more other collectors different from the primary and sec-
ondary ammonium salts of the organic sulfur-containing
acids according to the invention as described herein. Such
other collectors can be any known collectors, such as anionic
collectors and neutral collectors.

In general, the primary and secondary ammonium salts of
the sulfur-containing collectors that are described above dis-
play excellent physical compatibility with neutral (so-called
oily collectors) collectors. The physical stability of collector
compositions that include the collector according to the
invention as herein described, together with a neutral collec-
tor allows them to be handled in an easy manner. Moreover,
such collector compositions are chemically stable and do not
release toxic gases or fumes and do not require the use of
hazardous diluents and coupling agents.

As alluded to above, in some embodiments, the collector
compositions according to the present invention may option-
ally include one or more additives. Many such additives are
known to those of skill in the froth flotation art and need not
be further described in detail herein. Certain additives may
include, for example, one or more of hydrocarbon oils, sur-
factants, aliphatic alcohols, glycols, glycol ethers and non-
aqueous solvents. Combinations of the foregoing additives
are also contemplated.

The amount and type of additives present in the collector
composition will vary depending on one or more of the fol-
lowing variables: the type of collectors, the amount of the
collectors, the type of ore, the value mineral, and the like, and
combinations thereof. The person of ordinary skill in the art
will be able to determine such values based on no more than
routine experimentation. In one embodiment, the total
amount of additives present in the collector composition is
between about 1 wt. % and about 95 wt. % based on the total
weight of the collector composition. In another embodiment,
the total amount of additives present in the collector compo-
sition is between about 1 wt. % and about 50 wt. % based on
the total weight of the collector composition.

One example of a froth flotation process includes crushing
an ore to form crushed ore (referred to herein as the “pre-
grinding” or the “pre-grind” stage), and then grinding the
crushed ore particles in a grinding mill to form ground ore. A
slurry of water and ground ore is formed. The steps of grind-
ing the ore and forming the slurry may be collectively referred
to as the “grinding stage”. The slurry containing the ground
ore is then sent to the “conditioning stage” where the ground
ore is conditioned in a conditioner. The ground ore is sub-
jected to a flotation process by passing air through the slurry
in flotation cells or a bank of flotation cells to cause flotation
of the desired minerals in a froth. The desired minerals, i.e.,
the value minerals, are collected (“recovered”) from the froth
in launders (referred to as the “flotation stage”).

As one of ordinary skill in the art will appreciate, a froth
flotation process may include more than one stage of grind-
ing, conditioning and flotation. Thus, the flotation concen-
trate from the first stage (referred to as “roughers” or
“rougher-scavengers”) may be ground further and refloated in
a circuit referred to as “cleaners”. The cleaners may subject
the concentrate of the first stage to further grinding, condi-
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tioning and flotation stages. Alternatively, the concentrate
from the first stage may be refloated without further grinding.

The tails from the cleaners may be refloated in a circuit
referred to as “cleaner-scavengers”. It is envisioned that the
disclosed subject matter encompasses addition of froth phase
modifiers, monovalent ion modifier enhancing agents and
collector compositions at any stage of the process, i.e., addi-
tion of the froth phase modifier (and/or monovalent ion modi-
fier enhancing agent and/or collector) in some instance may
be done until the second (or third) grinding stage, condition-
ing stage, or flotation stage.

Flotation reagents, which include the organic ammonium
salts of an organic sulfur-containing collectors described
herein as well as, for example, frothers, pH regulators, froth
phase modifiers, dispersants, depressants, and the like, may
be added to the crushed ore, ground ore and/or slurry, during
the process at any or all of the stages of the froth flotation
process. Typically the flotation reagents, such as the organic
ammonium salts of the sulfur-containing collectors, espe-
cially those according to Formula I, described herein, are
added to the froth flotation process at one or more stages of
the process. For example, the organic ammonium salt of a
sulfur-containing collector may be added to the grinding
stage, the conditioning stage, or a combination thereof. The
term “added” or any variation thereof, as used herein, means
any method that can be used to bring two or more items or
compounds together and encompasses intermixing, mixing,
combining, incorporating, blending and the like. Similarly,
the term “intermixed” or any variation thereof, as used herein,
means any method that can be used to bring two or more items
or compounds together and encompasses adding, intermix-
ing, mixing, combining, incorporating, blending and the like.

The organic ammonium salt of the sulfur-containing col-
lectors described herein are added to processes for recovering
a value mineral from an ore in an amount that is effective
(“effective amount” or “beneficiating amount”) to recover the
value mineral. The effective amount of the organic ammo-
nium salt of the sulfur-containing collector may depend on a
variety of factors, including the process used, the ore used, the
contents of the organic ammonium salt of the sulfur-contain-
ing collector, and the like. In one embodiment the effective
amount of the organic ammonium salt of a sulfur-containing
collector added to the process is from about 0.5 gram per ton
(g/t) to about 500 g/t. In another embodiment, the effective
amount of the organic ammonium salt of a sulfur-containing
collector added to the process is from about 1 g/t to about 200
g/t. In yet another embodiment, the effective amount of the
organic ammonium salt of a sulfur-containing collector added
to the process is from about 2 g/t to about 100 g/t. In still a
further embodiment, the effective amount of the organic
ammonium salt of a sulfur-containing collector added to the
process is from about 5 g/t to about 50 g/t. In another embodi-
ment, the effective amount of the organic ammonium salt of a
sulfur-containing collector is from about 5 g/t to about 20 g/t.

The organic ammonium salts of sulfur-containing collec-
tors described herein, or the collector compositions contain-
ing them, are typically added to processes in a liquid form.
Some of the compositions, when manufactured, can be in a
solid form, but these can be readily made into liquid form by
dissolving in a suitable solvent or diluent.

Besides the organic ammonium salts of the sulfur-contain-
ing collectors described herein, or the collector compositions
containing them, other collectors can be added to the froth
flotation process separately or simultaneously.

EXAMPLES

The following examples are provided to assist one skilled
in the art to further understand certain embodiments of the
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present invention. These examples are intended for illustra-
tion purposes and are not to be construed as limiting the scope
of the various embodiments of the present invention.

Unless otherwise specifically noted, the following nota-
tions are used in the Examples below: “percent,” “%”,
“weight %” and “wt. %” denotes weight percent, “g” denotes
gram, “° C.” denotes degrees Celsius, “g/t” denotes gram per
ton, “min” denotes “minutes”, “rec” and “Rec” denote recov-
ery of value mineral in concentrate, “S rec” represents the
total recovery of all the sulfide minerals, “coll” stands for
collector, “rpm” stands for revolutions per minute, “kg” is
kilogram, “ppm” is parts per million on a mass basis (also
equal to g/t), “ml” is milliliter, and “L” is liter.

Example 1

Preparation of Ethylammonium Salt of Diisobutyl
Dithiophosphoric Acid

Preparation of ethylammonium salt of diisobutyl dithio-
phosphoric acid is as follows: 130 grams (0.54 mole) of
diisobutyl dithiophosphoric acid is charged into a jacketed
pressure reactor. The system is bubbled through with nitrogen
for 20 min and 26 grams (0.58 mole) of liquefied ethylamine
is added to the addition funnel and the entire system is then
sealed under nitrogen. Then, with the system monitored by a
pressure gauge and thermometer, ethylamine is added drop
wise. The reaction temperature is kept under 50° C. and
pressure under 10 pounds per square inch (“psi”). After the
addition is over, the system is brought to 50° C. through the
jacket by a heating circulator. The reaction temperature is
kept at 50° C. for 1 hour. The product is then discharged. The
acid number (normally below 30) and iodine number (be-
tween 40-44) were measured to check the acidity and percent
dithiophosphoric acid. The product purity (ranging between
88-95%) is measured by liquid chromatography-mass spec-
trometry (“LC-MS”) and nuclear magnetic resonance
(“NMR™).

Example 2

Preparation of Diethylammonium Salt of Diisobutyl
Dithiophosphoric Acid

Preparation of diethylammonium salt of diisobutyldithio-
phosphoric acid is as follows: 130 grams (0.54 mole) of
diisobutyl dithiophosphoric acid is charged into a jacketed
pressure reactor. The system is bubbled through with nitrogen
for 20 min and 43 grams (0.58 mole) of diethylamine is added
to the addition funnel and the entire system is then sealed
under nitrogen. Then, with the system monitored by a pres-
sure gauge and thermometer, diethylamine is then added drop
wise and the reaction temperature kept under 50° C. and
pressure under 10 psi. After the addition is over, the system is
brought to 50° C. through the jacket by a heating circulator.
The reaction temperature is kept at 50° C. for 1 hour. The
product is then discharged. The acid number (normally below
30) and iodine number (between 40-44) were measured to
check the acidity and percent dithiophosphoric acid. The
product purity (ranging between 88-95%) is measured by
LC-MS and NMR.

Examples 3-5

Recovery of Mineral Values from a Base Metal
(Copper) Containing Ore Body

An ore body containing Cu (0.56%) is beneficiated by froth
flotation. In each test, 1000 g of ore sample is ground for 8.5
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min in a mild steel rod mill containing a 10 kg rod charge and
approximately 667 ml of water resulting in ground ore slurry
with a particle size distribution of approximately 80% pass-
ing 106 microns. Lime is added to the mill to achieve a target
pH of approximately 10.5 in the flotation stage. After grind-
ing, the slurry is then transferred to a 2.5 L Denver flotation
cell and water is added to adjust the solids density to 33%. The
slurry is agitated at 1200 rpm in the cell. The collector is
added in one addition at 5 g of active collector per ton of ore
in the conditioning stage. In all tests, the frother used is PBM
604 frother, available from Cytec Industries Inc., USA, which
is added at a dose of 30 g/t. Flotation is conducted for 9 min.
The results are presented in Table 1.

TABLE 1
Cu Ore
Example No* Dosage, g/t Collector type Cu Rec. %
3C 5 NaDIBDTP 83.1
4 5 EA-DIBDTP 84.5
5 5 DEA DIBDTP 85.3

*C: Comparative

NaDIBDTP: Sodium salt of Diisobutyl Dithiophosphoric acid
EA-DIBDTP: Ethyl amine salt of Diisobutyl Dithiophosphoric acid
DEA-DIBDTP: Diethyl amine salt of Diisobuty] Dithiophosphoric acid

As employed above and throughout the disclosure, various
terms are provided to assist the reader. Unless otherwise
defined, all terms of art, notations and other scientific termi-
nology used herein are intended to have the meanings com-
monly understood by those of skill in the mineral and/or
mining chemical arts. As used herein and in the appended
claims, the singular forms include plural referents unless the
context clearly dictates otherwise. All numbers expressing
quantities of ingredients, reaction conditions, and so forth
used in the specification and claims are to be understood as
being modified in all instances by the term “about.”” Similarly,
all numbers expressed in a range as indicated by the word
“between” include the upper and lower limits in the range.
Accordingly, unless indicated to the contrary, the numerical
parameters set forth in the specification and attached claims
are approximations that may vary depending upon the desired
properties sought to be obtained by the present invention. At
the very least, and not as an attempt to limit the application of
the doctrine of equivalents to the scope of the claims, each
numerical parameter should be construed in light of the num-
ber of significant digits and ordinary rounding approaches.

Various patent and/or scientific literature references have
been referred to throughout this application. The disclosures
of these publications in their entireties are hereby incorpo-
rated by reference as if written herein. In the case of conflict-
ing terms, the terms of this document will prevail. In view of
the above description and the examples, one of ordinary skill
in the art will be able to practice the invention as claimed
without undue experimentation.

Although the foregoing description has shown, described,
and pointed out the fundamental novel features of the present
teachings, it will be understood that various omissions, sub-
stitutions, and changes in the form of compositions, as well as
the uses thereof, may be made by those skilled in the art,
without departing from the scope of the present teachings.
Consequently, the scope of the present invention should not
be limited to the foregoing discussion, but should be defined
by the appended claims.
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What is claimed is:
1. A froth flotation process for recovering at least one value
mineral from a mineral ore body, the process comprising:
adding a beneficiating amount of a collector to at least one
stage of a froth flotation process, wherein the collector
comprises a primary or secondary organic ammonium
salt of an organic sulfur-containing acid selected from
the group consisting of hydrocarbyl dithiophosphoric
acids, hydrocarbyl monothiophosphoric acids, mercap-
tobenzothiazoles, hydrocarbyl xanthic acids, hydrocar-
byl thioglycolic acids and hydrocarbyl trithiocarbonic
acids.
2. A froth flotation process according to claim 1, wherein
the primary or secondary organic ammonium salt of an
organic sulfur-containing acid is according to Formula I:

Formula I
Rll
N// R?
SH

H

AN~

where:
AN—is an anion from an organic sulfur-containing acid
selected from the group consisting of hydrocarbyl
dithiophosphoric acids, hydrocarbyl monothiophospho-
ric acids, mercaptobenzothiazoles, hydrocarbyl xanthic
acids, hydrocarbyl thioglycolic acids and hydrocarbyl
trithiocarbonic acids;
R“is a hydrocarbyl group comprising from 1 to 16 carbon
atoms, optionally substituted with a —OH group and/or
with one or more —(YR"),—YR" groups; and R” is
hydrogen or a hydrocarbyl group comprising from 1 to
16 carbon atoms, optionally substituted with a —OH
group and/or with one or more —(YR"),—YR" groups,
wherein for said one or more —(YR'),—YR" groups of
R“and R®

n=0to 3,

YisO,NR"orS,

R'is an alkylene or arylene group containing from 1 to
12 carbon atoms,

each of R" and R™ is independently chosen from hydro-
gen or a hydrocarbyl group containing from 1 to 12
carbon atoms; and

wherein R* and R” may be linked to form a cyclic com-
pound.

3. A froth flotation process according to claim 2, wherein
R? is an alkyl group containing 1 to 10 carbon atoms.

4. A froth flotation process according to claim 2, wherein
R? is hydrogen or an alkyl group containing 1 to 10 carbon
atoms.

5. A froth flotation process according to claim 2, wherein
each of R” and R? is independently chosen from an alkyl
group containing 1 to 4 carbon atoms.

6. A froth flotation process according to claim 1, wherein
the organic sulfur-containing acid is selected from the group
consisting of hydrocarbyl dithiophosphoric acids, hydrocar-
byl monothiophosphoric acids and hydrocarbyl xanthic
acids.

7. A froth flotation process according to claim 6, wherein
the organic sulfur-containing acid is a hydrocarbyl dithio-
phosphoric acid.

8. A froth flotation process according to claim 1, wherein
the organic ammonium salt is selected from the group con-
sisting of methylammonium, ethylammonium, propylammo-
nium, butylammonium, ethanolammonium, diethanolammo-
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nium, propanolammonium, dipropanolammonium,
dimethylammonium, diethylammonium, dipropylammo-
nium, dibutylammonium, ethylenediammonium, 1,3-diam-
monium propane, hexamethylene diammonium, diethylen-
etriammonium, and diphenylammonium salts.

9. A froth flotation process according to claim 1, wherein
the collector comprising a primary or secondary organic
ammonium salt of an organic sulfur-containing acid is
selected from the group consisting of dimethylammonium
salt of diisobutyl dithiophosphoric acid, ethylammonium salt
of'diisobutyl dithiophosphoric acid, diethylammonium salt of
diisobutyl dithiophosphoric acid, diethanolammonium salt of
diisobutyl dithiophosphoric acid, diethylammonium salt of
isobutyl xanthic acid, methylammonium salt of monothio-
phosphoric acid, dimethylammonium salt of diisobutyl
monothiophosphoric acid, methylammonium salt of ethyl
xanthic acid, methylammonium salt of isoamyl xanthic acid,
ethylammonium salt of buty] trithiocarbonic acid, dimethy-
lammonium salt of butyl] trithiocarbonic acid, methylammo-
nium salt of butyl thioglycolic acid, dimethylammonium salt
of isopropyl xanthic acid, dimethylammonium salt of mer-
captobenzothiazole, ethylammonium salt of mercaptoben-
zothiazole, hexamethylene diammonium salt of mercapto-
benzothiazole, and  diethanolammonium  salt of
mercaptobenzothiazole.

10. A froth flotation process for recovering at least one
value mineral from a mineral ore body, the process compris-
ing:

adding a beneficiating amount of a collector to at least one

stage of a froth flotation process, wherein the collector
comprises a primary or secondary organic ammonium
salt of a C,-C; hydrocarbyl dithiocarbamic acid.

11. A froth flotation process according to claim 10, wherein
the organic sulfur-containing acid is a C,-Cs hydrocarbyl
dithiocarbamic acid.

12. A froth flotation process according to claim 10, wherein
the organic ammonium salt is selected from the group con-
sisting of methylammonium, ethylammonium, propylammo-
nium, butylammonium, ethanolammonium, diethanolammo-
nium, propanolammonium, dipropanolammonium,
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dimethylammonium, diethylammonium, dipropylammo-
nium, dibutylammonium, ethylenediammonium, 1,3-diam-
monium propane, hexamethylene diammonium, diethylen-
etriammonium, and diphenylammonium salts.

13. A froth flotation process according to claim 10, wherein
the collector comprising a primary or secondary organic
ammonium salt of an organic sulfur-containing acid is
selected from the group consisting of dimethylammonium
salt of diethyl dithiocarbamic acid, diethylammonium salt of
diethyl dithiocarbamic acid, ethylammonium salt of diethyl
dithiocarbamic acid, hexamethylene diammonium salt of
N-propyl N-ethyl dithiocarbamic acid, and diethanolammo-
nium salt of N-allyl, N-ethyl dithiocarbamic acid.

14. A froth flotation process according to claim 1 or claim
10, wherein the collector is substantially water free.

15. A froth flotation process according to claim 1 or claim
10, wherein the beneficiating amount of the collector is added
in an amount between 0.5 and 500 grams per ton of ore,
including the upper and lower limits in the range.

16. A froth flotation process according to claim 15, wherein
the beneficiating amount of the collector is added in an
amount between 1 and 200 grams per ton of ore, including the
upper and lower limits in the range.

17. A froth flotation process according to claim 1 or claim
10 further comprising intermixing one or more additive
selected from the group consisting of hydrocarbon oils, sur-
factants, aliphatic alcohols, glycols, glycol ethers, and non-
aqueous solvents.

18. A froth flotation process according to claim 1 or claim
10, wherein the at least one stage of the froth flotation process
is selected from the group consisting of flotation, grinding,
conditioning, and pre-grinding stage.

19. A froth flotation process according to claim 1 or claim
10, wherein the at least one value mineral is selected from the
group consisting of copper, cobalt, lead, zinc, nickel, molyb-
denum, gold, silver, and platinum group metals.

20. A froth flotation process according to claim 19, wherein
the platinum group metal is platinum or palladium.

#* #* #* #* #*



